This study measures letter naming, phonological awareness, and spelling knowledge in 2,100 kindergarten students attending 63 schools within a large, urban school district. Students were assessed across December, February, and May of the kindergarten year. Results found that, by May, 71.8% of students had attained full letter naming knowledge. Phonological awareness emerged more slowly with 48% of students able to reliably segment and blend phonemes in words. Spelling development, a measure of phonics knowledge, found that, by May, 71.8% of students were in the partial-alphabetic phase. A series of regression analyses revealed that by the end of kindergarten both letter naming and phonological awareness were significant predictors of spelling knowledge (b = .332 and .518 for LK and PA, resp.), explaining 52.7% of the variance.
Introduction
Becoming a competent reader is critical to academic achievement [1] . However, the National Assessment of Educational Progress (NAEP) reports 74% of fourth-grade students attending the nation's largest school districts score below the proficient level in reading with this percentage climbing to 83% for African-American children [2] . Unfortunately, the same data finds that a percentage of those struggling with reading in fourth grade continue to struggle through the secondary grades. This strongly suggests that students must acquire the foundational literacy skills prior to fourth grade that will set them on track for appropriate reading development. The purpose of the present study is to investigate the growth of reading subskills in approximately 2,000 kindergarten children attending a large urban district where an emphasis has been placed on the teaching of letter naming knowledge, phonological awareness, and lettersound correspondence in kindergarten.
Theoretical Framework.
The verbal efficiency theory and related lexical quality hypothesis [3] [4] [5] [6] , as well as the connectionist model of reading [7] , make the case that to be a successful reader phonological, orthographic, and semantic representations must be efficiently integrated. Perfetti maintains that of the various subskills involved in the reading process, fast recognition of letters and the letter-sound combinations found within words can be trained to a high level. It follows then that mastery of letter name knowledge, the ability to isolate and manipulate phonemes, and explicit instruction in letter-sound correspondence will predict conventional reading and spelling.
Letter Name Knowledge.
Many kindergarten children who come from disadvantaged backgrounds often enter formal schooling lagging behind others in their early literacy development. As a result, they are at risk for later reading difficulties [8] . Research syntheses [9] have found that success in early literacy subskills such as letter naming knowledge and 2 Child Development Research phonological awareness requires explicit instruction. That may be essential to closing the early literacy development gap.
Children lacking competent alphabet knowledge upon entry into kindergarten need explicit instruction focused on letter identity, letter naming, and writing of letters. These capabilities enable them to successfully transition into letter sounds and spellings [10] . Letter naming knowledge (LNK) requires children to master the recognition of upper-and lowercase shapes of each of the 26 graphemes of the alphabet and is a landmark accomplishment for successful reading acquisition [11, 12] . Further support for the importance of LNK is a long line of research that advances the idea of causality for letter name knowledge to more rapid learning of sounds associated with letters and letter combinations [13] [14] [15] [16] . As LNK acquisition typically occurs before phonemic awareness [17] , it is critical that the child makes the connection that printed letters represent the sounds in speech, a concept called the alphabetic principle [18, 19] . In addition to automaticity in pronouncing letter names, LNK has been reported to provide access to phonemic knowledge about the letter when in the initial or final positions of words [15, 20, 21] .
Critical to LNK is the ability to identify the features of letters that distinguish them from each other. Those who automatically retrieve both upper and lowercase letters from long-term memory are less likely to make letter identification errors and misread fewer words, making LNK an important predictor of a child's success with various literacy tasks [22] [23] [24] . LNK has also been found to be important to early encoding processes developed through invented spelling instruction [25] [26] [27] [28] [29] . It is thought that this skill may tap the same central processes that facilitate reading fluency and predict reading achievement [30, 31] . An example of the importance of LNK is found in a study by Share et al. [32] . The authors measured 39 variables in beginning kindergarten students including IQ, socioeconomic status, and vocabulary knowledge with results showing letter naming knowledge to be the best predictor of individual end-of-year reading achievement and the second-best predictor behind phonemic awareness of first-grade reading scores.
Additional insight into the role of letter naming is found in its relationship to spelling development. Models of developmental spelling have identified the letter naming stage as the one where the reader relies on LNK to identify words [33, 34] . Reliance on consonant names in this stage is due to the early reader's difficulty with disentangling syllables and rimes into individual phonemes. As children develop the ability to segment rimes into phonemes, they become less reliant on LNK. As such, LNK contributes to the child's accuracy with consonant identification and allows the emergence of spelling knowledge that is based on sound, although they may still be unaware of sound at the phoneme level. This suggests the transition of reading and spelling away from a visual-cue strategy to one using phonetic cues.
Phonological
Awareness. An individual has phonological awareness when they are aware that words have constituent sounds and that those sounds do not always hold meaning within a word [35, 36] . While research discussions have involved whether phonological awareness is composed of one or two constructs [37] , it is now thought to be a unitary construct [38] [39] [40] [41] . Phonological awareness develops on a continuum that moves from large to increasingly smaller units of sounds within words. This awareness ends with the identification of phonemes, the smallest unit of sound in the English language. This makes phonemic awareness a subset of phonological awareness and is present in the individual when they can isolate and manipulate individual sounds within words [37, 40] . Emergent readers acquire phonological awareness through instruction in a fairly predictable manner that begins at the syllable level, progresses to the recognition of onset and rimes (as in c-at), and ends with the awareness of phonemes as in /c/ /a/ /t/ [42] . While some evidence suggests that phonological awareness may not be required for letter-sound acquisition [13] , it is clear that phonological awareness and its subcomponent phonemic awareness are an important predictor of learning to read and spell words [11, 37, [43] [44] [45] [46] .
Adams [11] uses five levels to describe the developmental progression of phonological awareness. The first begins with hearing the sounds of words, followed by the ability to compare and contrast like-sounding words in what is called the oddity task. For example, the teacher might ask the student "Which word sounds different? /cat/, /mat/, or /dog/?" The third dimension is the awareness that words can be split into syllables (to-day) and then blended back together. The fourth is the ability to split words into phonemes and put them back into a word (/dog/ into /d/ /o/ /g/ and then back to /dog/). The fifth and final dimension is the most difficult, to isolate a phoneme within a word, delete it, and then replace it with another phoneme to form a new word. Schatschneider et al. [39] add a sixth dimension where children develop sensitivity to alliteration, the ability to identify the beginning of words.
Spelling Knowledge.
Following the seminal study of Read [28] , researchers have clearly established that readers acquire spelling knowledge along a developmental continuum [47] [48] [49] [50] [51] [52] . Invented spelling occurs when one uses their selfdirected attempt to write words using print [28] . As their reading development progresses, the student uses the knowledge of phonology and orthography to write increasingly accurate word spellings. Evidence suggests that invented spelling may be an independent predictor of literacy outcomes [26] . Because the same lexical system is used in both reading and spelling [53] , readers apply their orthographic knowledge to both tasks [54] . Consequently, analyzing students' spelling gives insight into their orthographic knowledge and their understanding of reading [48] [49] [50] . However, the contribution of these processes to effective spelling is not equal as when children grow in their spelling knowledge they shift their reliance from phonological to orthographic and morphological information [34, 48, [55] [56] [57] [58] [59] .
Henderson [24] has identified five stages that he labeled preliterate, letter name, within-word, syllable juncture, and derivational constancy. The stages are described by Henderson and Templeton [60] where the preliterate stage finds that children may scribble freely and attempt to match certain sounds with marks. In the letter name stage children attempt to spell alphabetically by matching letters to sounds. As they acquire an increasing inventory of sight words spellings become more accurate as the child learns to examine words systematically around specific, salient features. Students in this stage are recognizing initial and final consonants, blends, and diagraphs, short vowels, affricates, and final consonant blends and diagraphs. In the early within-word stage students can provide the correct representation of short vowels, including words containing both a sounded and silent vowel (e.g., "take"). Also in this stage students are beginning to read silently. Cognitively, this stage is a large leap forward as students move from letter-to-letter analysis to reading units or groups of letters. In the syllable juncture stage students learn more complex letter features including consonant doubling, e-drops for ed and ing, and r-controlled vowels. The final stage, derivational constancy, consists of silent and sounded consonants and Latin-derived suffixes and prefixes. Understanding and mastering these various combinations of developmental spelling patterns suggests the phonological and orthographic knowledge acquired by the reader which has been shown to be related to becoming a fluent reader [61] .
Learning to Read.
In learning to read we ask children to match sounds to letters to learn graphophonemic relationships. This skill builds a foundation that is helpful as children learn to recognize letter patterns repeated across words [62] . When encountering sounds in a word, readers can tap their knowledge of letter-sound correspondences to identify letters and letter combinations [63] . It is not surprising then that children who are taught to segment words into their phonological parts acquire word reading skills at a faster pace than do children without these skills [32] . Additionally, the effect of phonological training has recently been found to continue through elementary school and into the sixth grade, with effects extending to ninth-grade comprehension [64] . In a study assessing the direct instruction of phonemic awareness and letter-sound knowledge, these two skills were found to fully mediate differences in word-level reading skills some five months later, thus establishing a causal connection between the two [65] . Caravolas et al. [66] found that across four languages LSK and phonemic awareness were the strongest predictors of early reading skill over a 10-month period.
The Present Study.
Research has established that letter naming knowledge and phonemic awareness facilitate the learning of letter-sound correspondences. Of importance is that these two skills must be explicitly taught to students. Of interest in the present study is the extent to which this skills become evident in kindergarten students attending school within a large, urban district and from backgrounds that put many of them at risk for reading acquisition. Our interest is to study the emergence and relationships between letter identification, phonological awareness, and spelling development in kindergarten students. Our research questions are as follows:
(1) What is the extent of letter identification knowledge, phonological awareness, and spelling knowledge acquisition in kindergarten students across the latter half of the school year? The study sample consists of = 2,100 kindergarten students instructed by the 91 teachers participating in the improvement project. The intention was to include every student instructed by each of the participating teachers in the study sample. Due to issues such as student mobility and students not available during the assessment window, not every student is included in the sample. The mean age of students at the time of the December assessment was 5 years and 8 months while the mean age in the spring (May) was 6 years and 1 month.
Letter Naming Knowledge.
To determine the ability to read aloud the letters of the alphabet, students are asked to complete a test of letter naming knowledge (LNK) by reading aloud 26 letters in both lower-and uppercase form. The lowercase letters "a" and "g" are provided in two different scripts, accounting for a total of 28 lowercase letters for a total of 54 letters. To begin the child is provided with a sheet with the 26 uppercase letters printed in random order. With no assistance from the teacher the child then reads aloud each letter from left to right. While the child is reading the teacher records any letters read incorrectly or omitted by the student. After the uppercase letters are read the student is then provided with a sheet containing 28 letters written in lowercase form. These letters are also arranged in a random order on the page. Again, without teacher assistance, the student reads aloud each letter while the teacher records misread and omitted words. The student's score is the number of letters out of 54 that were read correctly. An assessment of reliability found high reliability where Cronbach's = .852.
Phonological Awareness.
Students were assessed individually for phonological awareness using the Phonological Awareness Test (PAT) from the Classroom Reading Inventory [67] . The PAT is an informal, 77-item, individually administered assessment containing three subtests. The first subtest assesses the ability of the student to identify initial consonant sounds (IC) with a range of correct answers from 0 to 10. The phoneme segmentation test (PST) has a range from 0 to 15 and assesses one's ability to segment a word into its constituent sounds. The blending sounds test (BST) has a range from 0 to 55 and asks the student to combine or blend individual sounds to make a complete word. Because of the length of the blending sounds test the number of test items was reduced to 30. This resulted in an assessment where the total number of items equaled 55. To score the PAT the student is awarded 1 point for each item completed correctly. Reliability was assessed using Cronbach's and resulted in = .820.
Spelling Knowledge. The Kindergarten Inventory of
Developmental Spelling (KIDS) [68] is a 5-word spelling test designed to measure the child's knowledge of letter-sound correspondences. The assessment consists of five consonantvowel-consonant (CVC) words such as jam, rob, and let. The assessment can be administered individually or to groups of students using paper and pencil. Administration begins with the teacher modeling an example word on the board such as /map/ using a think-aloud strategy. The teacher demonstrates how to stretch out or rubber band the example word to better hear the individual sounds within the word. The teacher then writes the letter corresponding to each sound in the word. Following this demonstration, the teacher then pronounces aloud the first word, followed by a sentence using the word, after which the teacher pronounces the word again. For example, the teacher would say "Jam. I had jam on my toast. Jam." Students respond by writing the word on their paper. No further modeling is provided by teacher beyond the initial example. This procedure is repeated for the remaining four words. To determine a score each of the five words is graded on a scale ranging from 0 to 6 with specific directions provided by the test author. A score of 0 would reflect a word written using scribbles, waves, or letter-like symbols. 1 indicates the use of random letters to spell the word. To earn a score of 2 the student must spell the ending consonant correctly or use an acceptable alternate identified by the author such as a P instead of a B in the word /rob/. The student must also use any random letters for the other two sounds. To earn 3 the student must use the correct beginning consonant (or an acceptable substitute) and include any random letters for the vowel and ending consonant. To earn a score of 4 the student must write the correct beginning and ending consonants (or an acceptable substitute). A score of 5 reflects the correct beginning consonant, vowel, and ending consonant (or the acceptable letter substitute). A score of 6 reflects the correct spelling of the word. To assess test reliability Cronbach's alpha was conducted and resulted in = .91.
Assessment Administration.
As part of their 90 hours of classroom training, teachers were taught to administer assessments for letter naming knowledge (LNK), phonological awareness, and spelling knowledge. Training consisted of an explanation of each assessment including what subskill it measured and the protocol for its administration. Teachers then practiced administering each assessment with a classroom peer under the guidance of the instructor. During the following two weeks teachers were observed by a literacy coach experienced in the administration of each assessment while they assessed two students in their classroom. Literacy coaches used a Likert-scaled rubric to grade the teacher on the administration of each assessment. These rubrics were then reviewed by the class instructor to insure the quality of administration. In cases where required benchmarks were not achieved, the teacher was remediated by the instructor and reevaluated for fidelity by the literacy coach. Because letter naming, phonological awareness, and spelling knowledge are learned through instruction, we did not measure these skills during the first few months of the school year. Our first measurement period took place in December in order to give time for children to benefit from instruction. Our second and third measurement periods occurred in February and May. During each of the three administration periods teachers were given three weeks to assess the students in their class. Teachers then submitted the scores for their students through transmission of an Excel spreadsheet to a school-wide literacy coach. Coaches had also been trained on all assessment instruments and provided instruction by the researchers on insuring teachers reported their data correctly. Data was submitted to the research team by the coaches for each school. In instances where data questions arose, coaches confirmed test results with the teacher in question.
Results
Means for the measured variables are shown in Table 1 while the bivariate correlations are in Table 2 . Letter naming knowledge (LNK) means reveal the majority of growth had occurred by December with slower growth coming in February and May. Both phonological awareness (PA) and spelling knowledge (SK) showed the strongest growth between February and May. Bivariate correlations for December reveal a moderate correlation (.491) between LNK and PA while the correlation with SL is very small (.084). By February the correlation between all variables was similarly moderate, while in May correlations had strengthened to .432 between LNK and PA and to .556 between PA and SK. For letter naming knowledge (LNK) December period reveals a mean of 46.26; however, Figure 1 shows only 35.9% of students had mastered all 54 letters. In February, the mean grew to 50.20 while 56.1% of students knew all letters, and by Child Development Research 5 May the mean of 51.9 resulted in 71.8% of students knowing all letters. Phonological awareness (PA), the second variable under consideration, was measured with a ceiling equal to 55. Examination of the PA means (Figure 2 ) reveals that in December 15.5% of students had scored 50 or higher. By February 24.8% of students had reached criterion and by May this percentage increased to 48.0%. Attainment for spelling knowledge (Figure 3 ) (range of 0 to 30) shows that in December 11.5% of students had attained a score of 24 or higher. By February 20.1% of students score 24 or higher, while three months later in May, 72.1% of all students scored 24 or higher. Table 2 shows the bivariate correlations. Of note is the strengthening of the relationship between LNK and spelling knowledge across the three months from .084 in December to .278 in February and .556 in May. Also of interest is the increase in correlation between PA and spelling knowledge from .168 in December, to .102 in February, to .662 in May. Figure 1 shows the growth of the three measured variables across the three measurement periods.
Research Question One.
Our first research question asks how do letter identification knowledge (LNK), phonological awareness (PA), and spelling knowledge (SK) emerge across the latter half of kindergarten. Figure 4 plots the changes in the measured variables across the three measurement periods. To answer this question we conducted a repeated assumption of sphericity had been violated: LNK, 2 (2) = 1130.48, < .001; PA, 2 (2) = 201.99, < .001; and SK, 2 (2) = 48.03, < .001. To correct for sphericity violations degrees of freedom are adjusted using Greenhouse-Geisser estimates. Using Pillai's Trace, multivariate results (Table 3) show a significant main effect in the measured variables over time: = .774, (6,8394) = 883. 51 
Research Question Two.
The second question of interest is the extent to which letter naming knowledge (LNK) and phonological awareness (PA) predict spelling knowledge (SN) in kindergarten children. To answer this question, we conducted a series of hierarchical regression analyses where we regressed spelling knowledge onto letter naming knowledge and phonological awareness. To gain insight into the predictive value of these variables over time, this same model was constructed for each of the three measurement periods. Table 4 displays the results for each measurement period.
For December only phonological awareness was a significant predictor of spelling knowledge, explaining 2.8% of the variance, = 6.78 and < .001. For the February time period letter naming knowledge becomes the sole significant predictor of spelling knowledge, explaining 7.7% of the variance, = 12.41 and < .001. By May both letter naming knowledge and phonological awareness are statistically significant predictors of spelling knowledge. Letter naming knowledge accounts for 31% of the variance in spelling knowledge, = 20.30 and < .001, while phonological awareness predicts 21.8% of the variance in spelling knowledge, = 31.65 and < .001. Together letter naming knowledge and phonological awareness explain 52.7% of the variance in spelling knowledge. Also of interest are the changes in the standardized betas across time. In December, the beta for letter naming knowledge equals .001 (nonsignificant) while phonological awareness equals .168 ( < .001). In February the standardized beta for letter naming knowledge equals .270 ( < .001) while phonological awareness (beta = .027) is a nonsignificant predictor. In May, the standardized beta for letter naming knowledge equals .332 ( < .001) while phonological awareness equals .518 ( < .001).
Discussion
The goal of this study was to investigate the emergence of early literacy skills associated with instruction, across a large urban school district in the latter part of kindergarten. In pursuit of this we measured the growth of letter naming knowledge (LNK), phonological awareness (PA), and spelling knowledge (SK) of 2,100 kindergarten students, across three time periods, who attended schools where students typically struggle with reading acquisition. We found first that the acquisition of LNK came slowly, with just over 33% of students knowing all 54 letters by December. By February 56.1% of students knew all letters, and by the end of May just under 72% of students knew every letter. This meant that over 28% of end-of-kindergarten students could not name all letters of the alphabet in upper-and lowercase form by the end of kindergarten, a critical benchmark for reading acquisition.
Phonological awareness would be expected to emerge more slowly than letter naming knowledge and our results supported this. At the end of December, 15.5% of students [34] suggest that as the child's ability to discriminate phonemes in words becomes developed, their ability to identify consonants increases. This phenomenon is seen in our results where increasing PA scores led to large increases in SK, suggesting students were relying on their phonemic awareness skills to correctly identify the beginning and ending consonants in the SK assessment. Our second research question investigated the extent to which LNK and PA predicted SK. We found that in December LNK was a nonsignificant predictor of SK while PA accounted for 2.8% of the variance in spelling knowledge. While this is a small amount of variance that may be driven by our large sample size, it does suggest an emerging relationship between PA and SK. In February, phonological awareness was no longer a significant predictor of spelling knowledge while letter naming predicted 7.7% of the variance. While this is a curious result, the percentage of students able to correctly name all letters increased by over 50% to 56.1% of all students and may be driving the results. While the percentage of students achieving PA improved by 60%, the overall percentage was just less than 25%. This suggests a tipping point in the data where LNK becomes a stronger predictor than PA as LNK increases. Between February and May LN grew by 28% to a point where nearly 72% of students could correctly name all letters, while PA grew by almost 94% to a point where 48% of students attained a score ≥ 50 out of 55. Our regression results showed that both LNK and PA were significant predictors of SK, accounting for 31.0% and 21.8% of the variance, respectively, and explaining a total of 52.7% of the variance. In May both LN and PA were significant predictors of SK, with the betas equal to .332 and 8 Child Development Research .518, respectively. Our results align with those of Ouellette and Sénéchal [26] who also found that LNK and PA predicted SK. The theoretical framework informing this study is drawn from the verbal efficiency and lexical quality hypotheses [3] [4] [5] [6] and the connectionist model as proposed by Seidenberg and McClelland [7] . Our results support the primary hypotheses of these two theories that as reading subskills increase in efficiency, reading outcomes improve.
Study Limitations.
The results of this study should be carefully interpreted with the following limitations in mind. The sample of students was not randomly sampled and represents many who come from backgrounds of poverty. It could be that a different student who was randomly drawn might exhibit very different growth trajectories on the measured variables. Also, a population not from atrisk backgrounds may also show very different development patterns from those seen in our study. While we described the teachers participating in the study it is not appropriate to attribute any differences in student growth to instruction as there is no control group of teachers to which a comparison can be made. The results of this study reflect our study sample and should not be generalized to other districts or populations of students.
Future
Research. This study measured the emergence of several critical reading subskills related to effective reading. The value of this study is that the data on 2,100 kindergarten students was gathered along three time points within a large, diverse school district with students attending 63 urban schools. Future research efforts could implement a longitudinal approach that follows students across first grade and possibly beyond. Other studies could employ additional measures to capture other subskills known to be important to reading such as rapid letter naming, working memory, and language factors. Of interest to future research could be further investigation to more precisely define critical tipping points in letter identification and phonological awareness critical to spelling knowledge.
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